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Description 

Automotive Headlamps with Improved 

Beam Chromaticity 

Cross Reference to Related Applications 

[0001] This application is a continuation in part of US Patent Ap- 
plication serial no. 10/063,791 filed May 13, 2002, which 
claims the benefit of US Provisional Application Serial No. 
60/370,790 filed April 5, 2002. Both applications are in- 
corporated herein by reference. 
Background of Invention 

[0002] This application relates to lenses which may be used in 
lamps, particularly automotive headlamps, which provide 
a shift in chromaticity of the light source beam. 

[0003] Automotive headlamps are highly controlled products that 
must meet the SAE performance standard (SAE J 1383) to 
be commercialized. To be compliant, the combination 
bulb (i.e. the light source)/lens must emit a "white" color 
and provide enough light output (usually characterized by 
the total luminous flux "isocandela" and "maximum can- 



dela" point intensity testing) in a homogeneous manner. 
Specifications have been defined around the white beam 
color as presented in the SAEJ578 standard. The white 
beam color is defined as a small portion of the color space 
in the CIE 1931 chromaticity diagram. The allowed portion 
of the color space if defined by blue, yellow, green, pur- 
ple, and red boundaries that stem from the CIE 1931 x 
and y color coordinates. Commercially available head- 
lamps use different types of bulbs but usually a "natural" 
colored lens or slightly tinted lens. In general, these 
lenses have a clear appearance but could display a very 
subtle blue or yellow tint. The most common bulb on the 
market is a halogen bulb. In the past few years, high per- 
formance bulbs have been introduced. These new bulbs 
usually referred to as HID ("High Intensity Discharge") are 
in fact Xenon lamps. It is well known to those skilled in 
the art that the power spectral distribution of a Xenon 
bulb is different from a halogen bulb. For example, a 
Xenon bulb will emit more energy at lower wavelengths 
and especially in the 300 to 500 nm range that corre- 
sponds to the long UV up to violet/blue-green. As a re- 
sult, the light emitted from the HID is bluer compared to a 
halogen bulb which will consequently appear more yellow. 



When mounted in a headlamp, the beam emitted from a 
HID/"natural" lens combination will appear whiter. A 
whiter beam is commonly acknowledged as more efficient 
since it enhances the road visibility at night. However, 
there are two major disadvantages to the use of HID bulbs 
in headlamps. Firstly, these high performance bulbs are 
extremely expensive compared to halogen bulbs. As a re- 
sult, headlamps based on HID bulbs are a limited market, 
often offered as an option on vehicles for an extra-cost in 
the range of $300 to $800 per unit. Secondly, recent 
studies have shown that these headlamps have a tendency 
to cause more discomfort glare for oncoming drivers. 
[0004] Automotive headlamp lenses are usually made of natural 
color or slightly tinted polycarbonate as a main material. 
The primary reasons behind the use of polycarbonate are 
its relatively high glass transition temperature, impact re- 
sistance and excellent clarity/light transmission in the 
visible range. Lexan® LS-2 polycarbonate is one of the 
leading materials currently in use for automotive lenses; 
including headlamp lenses, bezels and taillight lenses. 
Other high glass transition temperature materials are also 
being used including copolymers but their natural color or 
light transmission sometimes renders the emitted head- 



lamp beam of a lesser quality. It is well known to those 
skilled in the art of coloring automotive lenses that the 
natural or slightly tinted polycarbonate lenses are ob- 
tained by addition of a small amount of organic colorants 
(i.e. dyes or pigments). For example, a blue dye is added 
to a yellow formulation to neutralize the color (i.e. make 
the polycarbonate more colorless or "natural"). The main 
downside of coloring is the decrease in light transmission 
that results from the absorption of the colorants even 
when they are present in the polymer matrix at a ppm 
loading or below. Consequently, the great majority of the 
lenses that are mounted in headlamps are "natural" or 

barely tinted. 
Summary of Invention 

[0005] The present invention provides an automotive headlamp 
comprising a housing for receiving a light source, a light 
source, an outer lens affixed to the housing and disposed 
such that light from the light source received in the hous- 
ing passes through the lens. The lens of the headlamp 
comprises a polycarbonate and a photoluminescent mate- 
rial. The combination of the lens material and the light 
source of the present invention provides a shift in the 
beam chromaticity to a more appealing illuminating head- 



light beam wherein the light source and the material of 
the lens are selected such that light emitted from the light 
source is modified in chromaticity as it passes through the 
lens such that the illuminating light output from the 
headlamp has an average x chromaticity coordinate of 
0.345 to 0.405. The emitted beam is of a legal color and 
intensity as defined per the SAEJ578 (color/chromaticity) 
and SAEJ1383 (intensity distribution) standards. The 
lighting performance may also be improved in such man- 
ner as reducing glare, increasing brightness or producing 
a beam that enhances road visibility at night to the human 
eye. 

[0006] it is yet another aspect of the present invention to provide 
a lens a molded body having a generally concave outer 
surface, a generally flat or convex inner surface and an 
edge surface. The molded body of the lens is formed from 
a composition comprising polycarbonate and a photolu- 
minescent material. White light from a light source is 
transmitted through the lens and results in emission from 
the photoluminescent material. The emission from the 
photoluminescent material is then directed out of the lens 
through grooves or protrusions formed on the inner sur- 
face. 



[0007] Further, It is another aspect of the present invention to 

provide a method for altering the chromaticity of an auto- 
motive headlamp. The method includes the steps of se- 
lecting a partial headlamp assembly comprising a light 
source and a housing, wherein the light source has a first 
chromaticity. Next, one would select a lens comprising a 
polycarbonate, fluorescent dye and possibly non- 
fluorescent dye. Lastly one would affix this lens to the 
partial headlamp assembly such that light emitted from 
the light source passes through the lens to form an illu- 
minating headlamp output, wherein the composition of 
the lens is selected to modify the first chromaticity such 
that the illuminating headlamp output has a second chro- 
maticity that is different from the first chromaticity, and 
the second chromaticity has an average x chromaticity co- 
ordinate of 0.345 to 0.405. 
Brief Description of Drawings 

[0008] pig. 1 shows a lamp lens used on automotive headlamps. 

[0009] Fig. 2 shows an exploded view of an automotive head- 
lamp. 

[0010] Fig. 3 shows a schematic of a headlamp where design 

characteristics in the lens such as grooves and protrusions 



redirect a part of the emission from the photoluminescent 

material toward the reflector assembly. 

[001 1] pig. 4 shows schematic of a headlamp where a reflective 

layer reflects the light emitted towards the outer edge of 

the lens back into the lens. 
Detailed Description 

[0012] The present invention provides an automotive headlamp 
comprising a housing for receiving a light source, a light 
source, an outer lens affixed to the housing and disposed 
such that light from the light source received in the hous- 
ing passes through the lens. The lens of the headlamp 
comprises a polycarbonate and a photoluminescent mate- 
rial. The combination of the lens material and the light 
source of the present invention provides a shift in the 
beam chromaticity to a more appealing illuminating head- 
light beam wherein the light source and the material of 
the lens are selected such that light emitted from the light 
source is modified in chromaticity as it passes through the 
lens such that the illuminating light output from the 
headlamp has an average x chromaticity coordinate of 
0.345 to 0.405. The emitted beam is of a legal color and 
intensity as defined per the SAE J578 (color/chromaticity) 
and SAE J1383 (intensity distribution) standards. The 



lighting performance may also be improved in such man- 
ner as reducing glare, increasing brightness or producing 
a beam that enhances road visibility at night to the human 
eye. 

[0013] The lens comprises a molded body having a generally 

concave outer surface, a flat or convex inner surface and 
an edge surface, wherein the molded body is formed from 
a composition comprising polycarbonate and a photolu- 
minescent material. Light which includes light of a wave- 
length within the excitation spectrum of the photolumin- 
scent material is partially absorbed and partially transmit- 
ted. The absorbed light is at least partially (depending on 
the quantum yield of the luminescence) emitted as light of 
a higher wavelength (as a result of a Stokes shift) and is 
conducted to a substantial extent to the edge surface of 
the lens and can thereby create a colored visual effect at 
the edge of the lens. As used in the specification and 
claims of this application, the term "substantial extent" 
means in an amount effective to create an observable vi- 
sual effect. Generally at least 10 % of the light emitted by 
photoluminescence is conducted through the interior of 
the lens to the edges, preferably at least 30 %. This is 
achieved in polycarbonate lenses and bezels because the 



high index of refraction results in significant amount of 
internal reflection. 
[0014] Lenses for an automotive headlamps must meet various 
standards. The lenses of the present invention emit light 
from an automotive headlamp which is of a legal color 
and intensity as defined per the SAEJ578 
(color/chromaticity) and SAEJ1383 (intensity distribution) 
standard. The lighting performance may also be improved 
in such manner as reducing glare, increasing brightness 
or producing a beam that enhances road visibility at night 
to the human eye. Headlamps manufactured using this in- 
vention can produce for instance a lower cost alternative 
to the expensive High Intensity Discharge (HID) lamps in 
terms of lighting performance while providing more com- 
fort for the driver but also for the cars on the other side of 
the road because the blinding glare effect of HID lamps is 
not observed. In addition to the lighting performance, the 
headlamps may also display a different aesthetic look by 
creating accent features in the outer lens thus allowing for 
product differentiation. These features are obtained by 
creating a synergy between the outer lens and the bulb. 
The lenses of the present invention are formed from a 
polycarbonate and one or more photoluminescent materi- 



als. As used in the specification and claims of this appli- 
cation, the term "photoluminescent material" refers to any 
substance that exhibits photoluminescence in response to 
excitation energy provided by ambient light (sunlight, 
room light and other artificial light sources), including 
without limitation organic compounds that solubilize in 
the plastic polymer matrix during the compounding oper- 
ation, organic nanoparticle dyes (also known as "nano- 
colorants") and inorganic photoluminescent materials, in- 
cluding nanoparticles. Photoluminescence occurs when a 
substance absorbs radiation of a certain wavelength and 
re-emits photons, generally of a different and longer 
wavelength. When a photoluminescent molecule absorbs 
light, electrons are excited to a higher "excited" energy 
state. The molecule then loses part of its excess of energy 
by collisions and internal energy conversions and falls to 
the lowest vibrational level of the excited state. From this 
level, the molecule can return to any of the vibrational 
levels of the ground state, emitting its energy in the form 
of photoluminescence. Photoluminescence is a generic 
term which encompasses both fluorescence and phospho- 
rescence. In the present invention, the photoluminescent 
materials are preferably organic fluorescent dyes because 



of the higher quantum yield associated with fluorescence 
as opposed to other types of photoluminescent processes. 
Preferably, the organic fluorescent dye is selected to have 
a quantum yield of fluorescence of at least 0.7, more 
preferably at least 0.8 and most preferably at least 0.9 
Typically, the emission by fluorescence is an extremely 

_4 _c 

brief phenomenon lasting generally between 10 and 10 " 
seconds. 

[0015] Specific non-limiting examples of fluorescent dyes that 
may be used in the articles of the invention are perylene 
derivatives, anthracene derivatives, indigoid and 
thioindigoid derivatives, imidazole derivatives, naphtalim- 
ide derivatives, xanthenes, thioxanthenes, coumarins, 
rhodamines, or 

(2,5-bis[5-tert-butyl-2-benzoxazolyl]thiophene) and all 
their derivatives and combinations thereof. In general, 
very low loadings of dyes, for example less than 1.0% are 
used to create the effect described in this invention. In 
certain cases, it may be desired to have a final object with 
the effect of this invention but with almost no visible color 
(for example a "clear" water bottle). In these cases, the 
fluorescent dye loading can be extremely low, sometimes 
as low as 0.0001%. Except for the blue/violet colors and 



maybe some greens, the fluorescent dye loading to retain 
the "clear" appearance is usually lower than 0.0005% by 
weight, for example from 0.0001% to 0.0003% by weight, 
which is enough to generate a very noticeable visual effect 
at the edges of the article. In the blue/violet colors, the 
fluorescent dye loading is significantly higher due to the 
fact that most of its absorption is located in the UV range. 
Typically, the fluorescent dye loading in this case is be- 
tween 0.005% to 0.5% by weight, with 0.01% to 0.2% being 
preferred and 0.03% to 0.1% being most preferred. Nano- 
colorants can be obtained by various methods and usually 
combine the advantages of both dyes and pigments. Their 
light fastness compared to the corresponding dye 
molecule is usually greatly improved. Since their particle 
size is in general less than 100 nanometers, preferably 
less than 50 nm, and more preferably less than 10 nm, 
they do not scatter light conversely to most pigments 
used to color plastics. 
[0016] Nano-colorants can be obtained by various methods. For 
example, dye molecules can be converted to nano- 
colorants by adsorption on a nano-clay particle (with or 
without creating a chemical bond between the nano-clay 
and the dye) or by nano-encapsulation in a polymer ma- 



trix (usually acrylic polymer). Note that the encapsulation 
method usually involves emulsion polymerization in order 
to form spherical nano-particles of polymer in which the 
dye is dispersed. Nano-colorants can be fluorescent if the 
dye molecule (or the inorganic compound) used to pre- 
pare the nano-colorant is fluorescent. Specific non- 
limiting examples of fluorescent dyes that may be em- 
ployed to form nano-colorants used in the articles of the 
invention are perylene derivatives, anthracene derivatives, 
indigoid and thioindigoid derivatives, imidazole deriva- 
tives, naphtalimide derivatives, xanthenes, thioxanthenes, 
coumarins, rhodamines, or 

(2,5-bis[5-tert-butyl-2-benzoxazolyl]- thiophene) and all 
their derivatives. Inorganic nano-particles may also be 
used as nano-colorants although their extinction coeffi- 
cient is usually fairly low. Examples of fluorescent inor- 
ganic nano-particles include, but are not limited to, lan- 
thanide complexes and chelates (for instance Europium 
chelates). Note that some of these inorganic nano-col- 
orant may exhibit a larger Stokes shift than organic fluo- 
rescent colorant, i.e. emit light at a much longer wave- 
length than the excitation wavelength. 
[0017] The fluorescent dye(s) used in the formulation of the 



lenses of the invention can be combined with non- 
fluorescent dyes in order to change the chromaticity of 
the edge color under daylight illumination or when the 
bulb is on (night time). Non-fluorescent dyes may be se- 
lected from but are not limited to the following families: 
azo dyes, methine dyes, pyrazolones, quinophtalones, 
perinones, anthraquinones, phtalocyanines and all their 
derivatives. The selection of the dye should maximize the 
synergy between the bulb used and the lens. In other 
words, the light emitted by the bulb (e.g. a halogen bulb) 
must be transformed by the lens in such a way that the 
desired color of visual effect is obtained with the maxi- 
mum strength while the beam color complies with the SAE 
requirements (white color beam). By creating a synergy 
between the bulb and the dyes in the lens, the beam in- 
tensity expressed by the candela requirements and the 
total luminous flux in the headlamp can be controlled. In 
addition, it is also possible to customize the beam color 
within the allowed design space defined by the SAE in the 
CIE 1931 chromaticity diagram. For instance, a blue lens/ 
halogen bulb combination can exhibit a cleaner (or 
"whiter") beam compared to a "natural" lens. The human 
eye perceives this difference as a better lighting perfor- 



mance. It must be noted that this "whiter" illumination is a 
key feature of Xenon bulbs (i.e. HID lamps) but these 
lamps are known for the discomfort glare experienced by 
the drivers coming on the other side of the road. The blue 
lens/halogen bulb combination not only exhibits a very 
noticeable blue visual effect but also provides a beam of a 
"whiter" color that constitutes a lighting performance im- 
provement compared to "natural" color lens/halogen bulb 
combination. Note that the whiter beam generated with 
the halogen bulb does not create the same glare effect 
that is observed with HID lamps. The final outer lens / 
bulb combination is designed to provide a beam color in- 
side the following boundaries defined by the CIE 1931 
chromaticity coordinates and preferably measured using 
spectrophotometric methods as presented in the ASTM 
standard E308-66: 



[0018] 


X = 


0.31 (blue boundary) 


[0019] 


X = 


0.50 (yellow boundary) 


[0020] 


y = 


0.15 + 0.64x (green boundary) 


[0021] 


y = 


0.05 + 0.75x (purple boundary) 


[0022] 


y = 


0.44 (green boundary) 



[0023] y = o.38 (red boundary) 

[0024] The dyes used in the lens composition suitably have a 

heat stability over 300°C, with 320°C preferred and 350°C 
even more preferred for automotive applications. Lower or 
higher temperatures may be required in other applications 
depending on the heating characteristics of the lamp em- 
ployed with the lens. It is important to use organic dyes 
rather than pigments and especially rather than inorganic 
pigments. The reason is that pigments have a tendency to 
scatter light and thus increase haze in the molded lens. 
Pigments that either fully solubilize in the polycarbonate 
composition or disperse in particles that do not signifi- 
cantly scatter light may be acceptable at a very low load- 
ing. 

[0025] The polycarbonate component of the lenses of the inven- 
tion includes compositions having structural units of the 
formula (I) and a degree of polymerization of at least 4: 

o 

R 1 — O-J — O (I) 

[0026] j n which Rl is an aromatic organic radical. Polycarbonates 
suitable for this invention can be produced by various 
methods including interfacial, melt, activated carbonate 



melt, and solid state processes. For example, polycarbon- 
ate can be produced by the interfacial reaction of dihy- 
droxy compounds. Preferably, R 1 is an aromatic organic 
radical and, more preferably, a radical of the formula (II): 

A 1 Y 1 A 2 (II) 

1 2 

[0027] wherein each of A and A is a monocyclic divalent aryl 
radical and Y 1 is a bridging radical having zero, one, or 
two atoms which separate A 1 from A 2 . In an exemplary 

1 2 

embodiment, one atom separates A from A . Illustrative, 
non-limiting examples of radicals of this type are -0-, - 
S-, -S(O)-, -S(0 )-, -C(O)-, methylene, cyclohexyl-methy- 
lene, 2ethylidene, isopropylidene, neopentylidene, cyclo- 
hexylidene, cyclopentadecylidene, cyclododecylidene, 
adamantylidene, and the like. In another embodiment, 

1 2 

zero atoms separate A from A , with an illustrative ex- 
ample being biphenol (OH-benzene-benzene-OH). The 
bridging radical Y 1 can be a hydrocarbon group or a satu- 
rated hydrocarbon group such as methylene, cyclohexyli- 
dene or isopropylidene. 
[0028] Polycarbonates can be produced by the reaction of dihy- 
droxy compounds in which only one atom separates A 1 

2 

and A . As used herein, the term "dihydroxy com- 



pouncTincludes, for example, bisphenol compounds hav- 
ing general formula (III) as follows: 



OH- 




OH 



(m) 



[0029] wherein R and R each independently represent hydro- 
gen, a halogen atom, or a monovalent hydrocarbon group 
; p and q are each independently integers from 0 to 4; and 



[0030] wherein R c and R each independently represent a hydro- 
gen atom or a monovalent linear or cyclic hydrocarbon 
group, and R e is a divalent hydrocarbon group. 

[0031] Some illustrative, non-limiting examples of suitable dihy- 
droxy compounds include dihydric phenols and the dihy- 
droxy-substituted aromatic hydrocarbons such as those 
disclosed by name or formula (generic or specific) in U.S. 
Patent No. 4,217,438. A nonexclusive list of specific ex- 
amples of the types of bisphenol compounds that may be 
represented by formula (III) includes the following: 



X a represents one of the groups of formula (IV): 




R< 




l,l-bis(4-hydroxyphenyl) methane; 

1.1- bis(4-hydroxyphenyl) ethane; 

2.2- bis(4-hydroxyphenyl) propane (hereinafter "bisphenol 
A" or "BPA"); 2,2-bis(4-hydroxyphenyl) butane; 
2,2-bis(4-hydroxyphenyl) octane; 
l,l-bis(4-hydroxyphenyl) propane; 

1.1- bis(4-hydroxyphenyl) n-butane; 
bis(4-hydroxyphenyl) phenylmethane; 

2.2- bis(4-hydroxy-l-methylphenyl) propane; 

1.1- bis(4-hydroxy-t-butylphenyl) propane; 
bis(hydroxyaryl) alkanes such as 

2.2- bis(4-hydroxy-3-bromophenyl) propane; 
l,l-bis(4-hydroxyphenyl) cyclopentane; 4,4"-biphenol 
;and bis(hydroxyaryl) cycloalkanes such as 
l,l-bis(4-hydroxyphenyl) cyclohexane; and the like as 
well as combinations comprising at least one of the fore- 
going bisphenol compound. 

[0032] | t j S a | so possible to employ polycarbonates resulting from 
the polymerization of two or more different dihydric phe- 
nols or a copolymer of a dihydric phenol with a glycol or 
with a hydroxy- or acid-terminated polyester or with a 
dibasic acid or with a hydroxy acid or with an aliphatic 
diacid in the event a carbonate copolymer rather than a 



homopolymer is desired for use. Generally, useful 
aliphatic diacids have about 2 to about 40 carbons. A pre- 
ferred aliphatic diacid is dodecandioic acid. 

[0033] The polycarbonate component may also include various 
additives ordinarily incorporated in resin compositions of 
this type. Such additives are, for example, fillers or rein- 
forcing agents; heat stabilizers; antioxidants; light stabi- 
lizers; plasticizers; antistatic agents; mold releasing 
agents; additional resins; and blowing agents. Combina- 
tions of any of the foregoing additives may be used. Such 
additives may be mixed at a suitable time during the mix- 
ing of the components for forming the composition. 

[0034] The outer lens is usually produced by injection molding of 
a polycarbonate resin composition in a compounded form. 
The polycarbonate formulation is usually compounded in 
an extruder in order to provide appropriate mixing of the 
composition. Although the use of a single-screw extruder 
is conceivable, a twin-screw extruder is usually preferred 
to optimize the mixing and reduce the likelihood of creat- 
ing scattering particles in the final product or simply avoid 
potential streaking issues that may stem from undissolved 
high-melting point colorants such as some perylene 
derivatives (melting point around 300°C). Although the 



polycarbonate composition is generally light stabilized 
and the lens coated with a UV absorptive coating, it is im- 
portant to use dyes that combine improved light fastness 
and heat stability. Good examples of fluorescent dyes with 
an improved light fastness and high heat stability are the 
perylene derivatives like the Lumogen Orange F-240, Lu- 
mogen Red F-300 and Lumogen Yellow F-083 supplied by 
BASF. 

[0035] | n order to better control the extremely low amount of 
dyes introduced in the formulation and therefore have a 
better color control of the lens, the use of volumetric or 
gravimetric feeders is highly recommended. The feeders 
can either feed a letdown of the concentrate in polycar- 
bonate resin powder (preferably milled powder) or feed an 
already compounded (extruded) color masterbatch in a 
pellet form. The colorant loading in the letdown or the 
concentration of the masterbatches depends on the feeder 
capability, and especially the feeding rate. In general, 
powder letdown vary between 10:1 and 10,000:1 ratios of 
colorant (i.e. dye) to powder. Dye mixtures can also be 
used in a letdown form and fed from a single feeder al- 
though it is not the most preferred method. Poor color 
control may potentially result in lenses that would not be 



suitable for a headlamp application, i.e. beam color or 
light output not being compliant with the SAE standard. 
[0036] one can produce lenses that specifically interact with light 
source to create colorful visual effect while reducing the 
discomfort glare. This can be obtained, for example, by 
using a lens containing a fluorescent dye in such manner 
that a part of the blue light responsible for the discomfort 
glare is shifted to higher wavelengths where the human 
eye has a lower spectral sensitivity. For example, the 
spectral characteristics of a yellow fluorescent dye like the 
BASF Lumogen Yellow F-083 or a red fluorescent dye like 
the Lumogen Red F-300 are such that they will shift the 
beam color towards the yellow or red respectively thus 
making the beam appear less "blue" and therefore more 
comfortable to look at for oncoming drivers. Other combi- 
nations of visual effect lenses with less common bulbs 
than halogen may provide customized aesthetic effect on 
vehicles but also customized lighting performance. An ex- 
ample would be to use a lens containing fluorescent dyes 
that absorb wavelengths outside the visible range (e.g. 
below 380 nm) and reemit in the visible, in combination 
with a UV rich light source (as for example a HID bulb). 
This would translate into an increase of the visible inten- 



sity of the beam compared to the emission from the natu- 
ral lens and potentially allow for a reduction of the neces- 
sary voltage thus saving some battery power. Further, one 
can add non-photoluminescent dyes to the polycarbonate 
composition to further shift the chromaticity of the light 
source and produce a desired chromaticity of the illumi- 
nating headlamp beam. 
[0037] using this invention, one can produce a shift in beam 

chromaticity of the light source. One can select the com- 
position of dyes (i.e., photoluminescent and non- 
photoluminescent) when determining which light source 
light source to use in order to produce an illuminating 
beam output of the lamp that is of legal color or of non 
legal color as determined by SAE requirements. It should 
be noted that most European countries, as well as coun- 
tries like Japan, China, et al, do not require headlamps to 
be compliant with SAE requirements. Thus, this invention 
is not limited solely to SAE standards. It is a further em- 
bodiment of the present invention that the light source to 
be used is a high intensity halogen light source, namely a 
halogen infrared reflected bulb. It is a goal of this embod- 
iment that the illuminating headlamp output provide an x 
chromaticity within the allowable bounds as suggest by 



SAE requirements. 
[0038] pig. 1 shows an embodiment of a lens for the headlamp in 
accordance with the invention. The lens has an outer sur- 
face 10, which has a generally convex curvature, and an 
opposing rear surface 11 which may be flat or concave. 
The overall thickness of the lens at its edge 12 is in the 
range of from 0.5 to 10 mm, for example 3.0 mm. The 
center portion of the lens may be thicker or thinner than 
the edge thickness, provided that structural integrity is 
maintained (the necessary thickness will depend to some 
extent on the other dimensions of the lens), and can be 
variable as the result of formation of rib lines 13 which 
are cut into the surface. Design features in the outer sur- 
face of the lens can be protrusions or depressions. V- 
shapes are usually preferred for depressions. Protrusions 
have preferably squared tops but round tops are also pos- 
sible. The overall shape of the lens may be a rounded 
rectangle as shown, or it may be round or ovoid or any 
other appropriate shape for use with a particular lamp. For 
example, for some automotive headlamp applications, the 
lens may extend around the front corner of the vehicle, 
spanning parts of both the front and side surfaces of the 
vehicle. 



[0039] The lenses of the present invention can be either affixed 
directly or indirectly to the headlamp housing. The 
present invention can also be translated to other applica- 
tions than headlamps lenses such as lighting equipment 
where a synergistic combination of light source and a vi- 
sual effect outer lens will offer new aesthetic solutions 
with comparable or improved lighting performance. 

[0040] The lenses of the invention may be treated with a surface 
coating to improve their utility in a specific application. 
For example, in the case of lenses for automotive head- 
lamps, it is conventional to provide a surface coating of a 
UV absorber to extend the lifetime of otherwise UV- 
sensitive polycarbonate. Such UV-protective coatings may 
be made from acrylic or silicone-based polymers contain- 
ing UV stabilizers, and are commonly applied by vapor 
deposition or chemical deposition. The coating is usually 
applied to the outer surface and edges, but may be ap- 
plied to the entire exterior of the lens if desired. The 
lenses of the invention may also be used in other environ- 
ments, for example to provide decorative effects in pool 
lighting. In this case, a chemicallyresistant coating would 
be used to protect the polycarbonate from degradation by 
pool chemicals. Alternatively, a chemically resistant poly- 



carbonate formulation could be used. Fig. 2 shows an ex- 
ploded view of a headlamp. The headlamp has a housing 
22 which contains reflector assembly 25, a light source 26 
and an electrical connector 21 for attachment to the elec- 
trical system of a vehicle. A bezel 27 and a lens 23 are 
disposed on the exterior of the housing such that light 
leaving the housing passes through the bezel and the 
lens. Either or both of the bezel 27 and the lens 23 can be 
made from polycarbonate including an photoluminescent 
material in accordance with the invention. When the bezel 
and the lens 23 includes an organic fluorescent dye, the 
dye may be the same or it may be different to provide a 
two-color effect. It will be appreciated that Fig. 2 shows 
one specific headlamp design and that numerous alterna- 
tives to the actual shape and structure exist. For example, 
the bezel may be omitted, and the housing and reflector 
may be a single component. 
[0041] while substantial improvement in beam chromaticity can 
be obtained by simply passing light through the lens, it is 
possible to further improve the beam chromaticity by ac- 
tively redirecting some or all of the light emitted by the 
photoluminescent material in the direction of the light 
source beam pattern. Thus another embodiment of the 



present invention is to provide a lens that does such. For 
instance, grooves or protrusions and other design fea- 
tures of the lens, such as lens edge reflectors, can be in- 
corporated in such a manner that they redirect light emit- 
ted from the photoluminescence toward the reflector as- 
sembly instead of within the lens. Fig. 3 shows ray dia- 
gram and schematic of a headlamp in accordance with a 
preferred embodiment of the invention. The headlamp 
encompasses design characteristics disposed on the rear 
surface of the lens 23 such as grooves 30 and protrusions 
32 which allow light emitted by the photoluminescent ma- 
terial to escape the lens towards the reflector assembly 
25. The reflector assembly 25 then reflects the light that 
is emitted by the photoluminescent material and allowed 
to escape the lens as if it were generated by the light 
source 26. This light generated by the photomuminescent 
material is usually of different average chromaticity than 
the light generated by the light source 26. Thus, the effect 
is to further shift the illuminating headlamp chromaticity. 
[0042] Figures 3 and 4 show a light source 26, a reflector assem- 
bly 25 and a lens 23 among other things. Light generated 
by the light source 26 is portrayed with open ended ar- 
rows between the lens and the reflector assembly 25. 



Some of the light generated by the light source 26 strikes 
the lens 23 at such an angle as it passes through the lens 
to the outside of the headlamp. This is depicted by the 
open ended arrows in the illuminating beam 31. Light as it 
passes through the lens 23, may interact with the photo- 
luminescent material contained with the lens 23. The 
photoluminescent material will then emit light that, de- 
pending on the direction relative to the lens surface will 
wither escape or will be conducted within the lens 23. 
Some of this light may be directed through the lens 23 to 
the outer portion of the lens 23 and produce a decorative 
edge effect 33 as portrayed in figure 3. Alternatively some 
of light emitted by the photoluminescent material will be 
allowed to escape the lens toward the reflector assembly 
25 via protrusions 32 and grooves 30. The light that is al- 
lowed to escape the lens via the grooves 30 and the pro- 
trusions 32 is portrayed in figures 3 and 4 as downward 
pointing dark ended arrows. The design features, namely 
grooves 30 and protrusions 32, are located on the inner 
surface of the lens 23. They create exit points for the light 
emitted by the photoluminescent material effect and thus 
may decrease the amount of light conducted within the 
lens 23. The light generated by the photoluminescence 



within the lens 23, which is allowed to escape the lens 23 
is then combined with the output beam of the light source 
26 by the reflector 25. This is portrayed in figures 3 and 4 
as upward pointing dark ended arrows in combination 
with the open ended arrows. This has the effect of further 
shifting the beam chromaticity light source 26 output 
beam since the light emitted by the photoluminescent 
material usually has a different average chromaticity than 
the output of the light source 26. Some of this reflected 
photoluminescent light then passes through the lens 23, 
and is incorporated with the illuminating beam 31 of the 
headlamp. 

[0043] Figure 4 displays yet another embodiment of the inven- 
tion. In addition to the lens design features of figure 3, 
namely the protrusions 32 and grooves 30, Figure 4 en- 
compasses an edge reflector 34. The edge effect which is 
produced by light emitted from the photoluminescent 
material may be further redirected back into the lens 23 
by the use of an edge reflector 34 on the lens. Thus in ad- 
dition to figure 3, the headlamp of figure 4 encompasses 
further design characteristics in the lens 23 which are 
edge reflectors 34 which reflect at least part of the light 
that is conducted through the lens 23 that reaches the 



edge. Figure 4 shows a simplified schematic of a head- 
lamp where the light directed toward the outer edge is re- 
flected back into the lens by edge reflectors 34. The edge 
reflector 34 is a reflective layer that is generally a coating 
based on white inorganic pigments such as BaS0 4 , TiC> 2 , 
ZnO or micas. Metallic coatings (such as those based on 
aluminum, silver or other highly reflective metals or alloys 
are also possible. The edge reflector 24 can also be made 
of a thermoplastic material containing reflective pigments 
such as Ti0 2 , BaSO^ ZnO, micas or metallic pigments 
(including aluminum, silver or other metals and alloys 
having sufficient reflectivity to form a reflective layer). The 
reflective layer needs to have at least 30% reflectivity, 
preferably 50% and more preferably 70%. 
[0044] | t should be noted that this embodiment of the invention 
does not require that the edge reflector 34 be present on 
all edges or the entire edge of the lens 23. The edge re- 
flector 34 may only cover a portion of the edge or edges 
of the lens. Further the edge reflector 34 may cover all 
edges or the entire edge of the lens 23. Thus a decorative 
edge effect 33 effect may still be obtained even when in- 
corporating the use of an edge reflector 34. Further, the 
methods displayed in figures 3 and 4 to further improve 



beam chromaticity can be applied on a case-by-case basis 
depending on the type of light source used, the illuminat- 
ing beam chromaticity desired and the amount of edge 
effect desired. For instance, the design features in auto- 
motive headlamps can be applied in such a manner that 
the overall beam photometry will still comply with the SAE 
J1383 and SAE J 5 78 standards. 
[0045] |_jght sources (or bulbs) can be classified in several cate- 
gories: standard halogen, high intensity halogen (e.g., 
Halogen Infrared Reflected), high intensity gas discharge 
and solid state sources are among the classifications. The 
following section details such light sources and their 
technologies. 

[0046] standard Halogen Bulb A halogen lamp includes a hermeti- 
cally sealed, light transmissive envelope, and a tungsten 
filament within the envelope. A mixture is disposed within 
the envelope. The mixture includes inert gas, a halogen- 
containing compound, and a compound capable of getter- 
ing oxygen. When energized, light in the visible range of 
wavelengths is generated through the radiating tungsten 
filament within the envelope. 

[0047] a halogen lamp has a tubular, light transmissive envelope 
formed from high temperature aluminosilicate glass, 



quartz, or other transparent material. A tungsten filament 
or coil is supported within the envelope by lead-in wires 
and formed from molybdenum, and which extend through 
a customary pinch seal. The lead-in wires may extend 
from opposite ends of the envelope, as in a double-ended 
lamp, or from the same end of the envelope as in a sin- 
gle-ended lamp. If desired, the molybdenum lead-in wires 
may be connected by means of welding, brazing, or other 
suitable means to less costly metals of similar or greater 
diameter to provide electrical connection for the filament 
and also support the lamp. The lead-in wires are electri- 
cally connected to a source of power, via base of the lamp 
for energizing the lamp. 
[0048] For headlights, and other uses where it is desirable to 
modify the light output of the lamp, the lamp envelope 
may be coated on at least one of the its inner and outer 
surfaces with a coating of a filter material. The coating fil- 
ters out a portion of the radiation from the filament from 
the light leaving the envelope. In the case of a "blue" 
lamp, such as for a headlight, the filter filters a portion of 
the red light and yellow light, giving a bluer appearance. 
Infrared filters and or UV filters may also be used. The 
lamp envelope may also be doped with filtering material. 



[0049] High intensity halogen light source and Halogen Infrared Reflected 
(HIR) light source: High intensity halogen light sources usu- 
ally are double ended tungsten halogen IR lamps. Other 
tungsten halogen IR lamps may also be used, including 
single ended lamps. The lamp has a tubular, light trans- 
missive envelope formed from high temperature alumi- 
nosilicate glass, quartz, or other transparent material. A 
tungsten filament or coil is supported within the envelope 
by lead-in wires and formed from molybdenum, and 
which extend through a customary seal. The lead-in wires 
may extend from opposite ends of the envelope, as in a 
double-ended lamp, or from the same end of the enve- 
lope as in a single-ended lamp. If desired, the molybde- 
num lead-in wires may be connected by means of weld- 
ing, brazing, or other suitable means to less costly metals 
of similar or greater diameter to provide electrical con- 
nection for the filament and also support the lamp. The 
lead-in wires are electrically connected to a source of 
power (not shown), via base of the lamp for energizing the 
lamp. 

[0050] a halogen infrared reflected (HIR) bulb is a tungsten fila- 
ment halogen bulb with a special durable infrared reflec- 
tive coating applied to the bulb capsule. The coating 



makes the bulb more efficient at producing light and fo- 
cusing heat energy that would otherwise be lost back on 
the filament. Such a coating can be created through mul- 
tilayer thin film technology that reflects IR wavelengths 
back toward the filament. This reflecting effect permits 
the filament to operate at a higher temperature while us- 
ing less electrical energy. 

[0051] High Intensity Gas Discharge (HID) A high intensity gas dis- 
charge lamp includes a hermetically sealed, light trans- 
missive envelope, and tungsten electrodes within the en- 
velope. A mixture is disposed within the envelope. The 
mixture includes inert gas, noble gas, metallic salts, 
among them rare earth salts, and may also include mer- 
cury and halogen-containing compound. When energized, 
light in the visible range of wavelengths is generated 
through a radiating body of gas within the envelope. 
Other gas discharge lamps may also be used. 

[0052] a high intensity gas discharge lamp has tubular, light 

transmissive envelope formed from high temperature alu- 
minosilicate glass, quartz, ceramic, or other transparent 
material. Tungsten electrodes are supported within the 
envelope by lead-in wires formed from molybdenum, and 
which extend through a customary seal. If desired, the 



molybdenum lead-in wires may be connected by means of 
welding, brazing, or other suitable means to less costly 
metals of similar or greater diameter to provide electrical 
connection for the filament and also support the lamp. 
The lead-in wires are electrically connected to a source of 
power, via base of the lamp for energizing the lamp. A UV 
blocking shroud formed from high temperature alumi- 
nosilicate glass, or other UV blocking transparent material 
may be installed around the arc tube. 

[0053] For headlights, and other uses where it is desirable to 

modify the light output of the lamp, the lamp shroud may 
be coated on at least one of its inner and outer surfaces 
with a coating of a filter material. The coating filters out a 
portion of the radiation from the filament from the light 
leaving the envelope. The lamp envelope and/or shroud 
may also be doped with filtering material. 

[0054] solid State Light Source A Light Emitting Diode (LED) is an in- 
divisible discrete light source unit, containing (a) semi- 
conductor n-p junction(s), in which visible light is pro- 
duced when forward current flows as a result of applied 
voltage. Other Solid State Light Sources may be used as 
well. 

[0055] The invention will now be further described with reference 



to the following, non-limiting examples. 
[0056] EXAMPLE 1: Polycarbonate formulations (B) to (E) shown 
below in Table 1 (unit: parts per weight) have been de- 
signed to illustrate the ability to create a broad palette of 
light transmission characteristics for the present inven- 
tion. A twin-screw extruder has been used for the com- 

® 

pounding step with standard Lexan LS-2 polycarbonate 

extrusion conditions. A standard polycarbonate product 

® 

(LEXAN LS2-111) used in automotive lighting and espe- 
cially automotive headlamps was selected as a compari- 
son. Plaques with a high gloss finish (dimensions: 10.16 
cm x 7.62 cm x 3.0 mm) were molded for each formula- 
tion according to the standard processing conditions de- 
fined for the material in the technical datasheet. 



Formulation 


B 


c 


D 


E 


Low flow PC resin 


65 


65 


65 


65 


High flow PC resin 


35 


35 


35 


35 


Mold release 


0.27 


0.27 


0.27 


0.27 


UV stabilizer 


0.27 


0.27 


0.27 


0.27 


Heat stabilizer 


0.06 


0.06 


0.06 


0.06 


C.I. Pigment Blue 60 


0.0005 


0.001 


0.00175 


0.0025 ; 


CI. Solvent Violet 36 


0.00025 


0.0005 


0.000875 


0.00125 


OB-184 


0.05 


0.05 


0.05 


0.05 



Table 1 



[0057] The low flow PC resin used is poly(bisphenol-A carbonate) 

with an average molecular weight (M ) of 29,900 (All 

w 

molecular weights of PC in the application are determined 
by GPC, i.e. Gel Permeation Chromatography, against ab- 
solute polycarbonate standards. The high flow PC resin 
used is a poly(bisphenol-A carbonate) with an average 
molecular weight (M w ) of 2 1,900. The heat stabilizer is 
tris(2,4-di-tert-butylphenyl) phosphite. The mold release 
agent is pentaerythritol tetrastearate. The UV stabilizer is 
2-(2H-benzotriazol-2-yl)-4-(l,l,3,3-tetramethylbutyl)ph 
enol. Pigment Blue 60 was obtained from BASF (BASF Heli- 
ogen Blue K6330). Solvent Violet 36 was obtained from 
Bayer (Bayer Macrolex Violet 3R). OB-184 (i.e. 
2,5-bis(5'-tert-butyl-2-benzoxazolyl)thiophene) was ob- 
tained from Ciba (Ciba Uvitex OB). 
[0058] Color coordinates were measured on the chips in trans- 
mission mode using a Gretag MacBeth 7000A spectropho- 
tometer selecting illuminant C and a 2° observer. The in- 
strument was calibrated in accordance with the manufac- 
turer specifications using a white calibration tile. A large 
viewing area and large aperture were used for the mea- 
surements. Other settings included Specular Component 
Included (SCI) and UV partially included (calibrated for 



UVD65 with a UV tile). The MacBeth Optiview 5.2 software 
recorded the data and calculated the CIE 1931 (Yxy) color 
coordinates for an illuminant C and a 2°observer. The CIE 
1931 (Yxy) color coordinates are summarized in Table 2. 



Formulation 


Y 


X 


y 


A 


87.8 


0.3170 


0.3253 


B 


82.4 


0.3034 


0.3146 


C 


75.7 


0.2949 


0.3076 


D 


68.1 


0.2839 


0.2985 


E 


61.1 


0.2733 


0.2891 



Table 2 



[0059] As Y corresponds to the light transmission of the plaque 
at 3.0 mm, the results confirm that materials B to E cover 
a broad range of light transmission within the preferred 
range for this invention. In addition, it must be noted that 
the x chromaticity value decreases incrementally going 
from A to E. This significant shift illustrates a progressive 
shift from clear (A) toward the bluest formulation (E). It 
should be mentioned that the strongest blue shift has 
been obtained with a relatively low colorant loading: less 
than about 0.004% of non-fluorescent colorant and about 
0.05% of organic photoluminescent dye. 



[0060] EXAMPLE 2: In order to test feasibility of the colored lens 
application for road use in a motor vehicle, an automotive 
headlamp in accordance with this invention was tested for 
beam color and photometry. As explained previously in 
the specifications, all automotive headlamps installed by 
car manufacturers need to produce an acceptable beam 
pattern and meet headlamp color regulations. 

[0061] a headlamp from a quad headlamp system, with lower 

beam designed around the HB4 (ANSI 9006) was selected 
because of the possibility to also apply the optics system 
to a high lumen HIR2 (ANSI 9012) light source. The HB4 
and HIR2 have identical light center length and overlap- 
ping coil boxes, which would make the sources optically 
interchangeable from a filament imaging perspective. Be- 
cause of the higher lumen output it is not a priori ex- 
pected that the headlamp with HIR2 source will pass beam 
pattern regulations, but the resulting beam pattern is ex- 
pected to be a match in first order approximation. 

[0062] The headlamp was of the reflector optics type, and had 

been assembled without the standard clear lens. A control 
lens and two lens preparations with the different resin 
formulations, giving lenses A through C (see Table 2) were 
used. These 3 lenses were used for photometry and color 



measurements of both headlamps. 

[0063] The measurement set-up consisted of a LMT GO-H 1200 
goniophotometer with inline photometer head at 18.29 m. 
An auxiliary LMT C 1200 tristimulus colorimeter con- 
nected to a CH-60 precision colorimeter head could be 
mounted in line with the photometer head at distance 
3.05 m from the bulb center. 

[0064] Beam intensity and beam color in each of the points spec- 
ified in the US headlamp regulations (49CFR571.108) for 
the low beam of the headlamp was measured with both 
sources and each of the 3 lenses, with the exception that 
the 10U-90U region was excluded for the color measure- 
ment. 

[0065] a typical run for a given lens prescription would exist of 
two parts. First the beam photometry would be read start- 
ing with the lamp in the position aimed for the photome- 
ter head. Bulbs were energized at 12.8V. After completion 
of the beam photometry with the lamp ending in its start- 
ing position, the auxiliary tristimulus colorimeter would 
be mounted its place 3.05 m from the headlamp center 
and the beam color would be read with the lamp starting 
in its original aim position, using the same program used 
for the beam photometry. 



[0066] Sphere photometry data at 12.8V: 



Source 


Lumens (lm) 


CCT(K) 


X 


y 


HB4 


996 


3161 


0.4274 


0.4034 


HIR2 


1671 


3318 


0.4194 


0.4043 



Table 3 



[0067] Automotive outer lenses were molded from polycarbonate 
formulations (A) to (E). In addition, a blue edge glow effect 
is also visible adding the benefits of an aesthetic effect to 
the improved lighting performance. 



Source 


Lens material 


Integrated 

l^UillCIla ^1111 ) 


X 


y 




A 


413 


0.4370 


0.4033 




B 


398 


0.4301 


0.4047 


HB4 


C 


346 


0.4217 


0.4028 




D 


293 


0.4075 


0.3995 




E 


259 


0.3965 


0.3967 




A 


687 


0.4257 


0.4008 




B 


644 


0.4196 


0.4028 


HIR2 


C 


589 


0.4109 


0.4004 




D 


507 


0.3966 


0.3962 




E 


453 


0.3851 


0.3925 



Table 4 



[0068] The results of the isocandela measurement (integrated 
headlamp lumens), and average beam chromaticity (x, y) 
from the beam photometry testing are summarized in Ta- 
ble 4 for the HIR2 and HB4 sources and lens material A to 
E. As expected, the beam intensity - as illustrated by the 
integrated lumens - decreases as a function of the light 
transmission of the lens. With both sources, going from 



the clear lens to lens material C, a significant beam color 
shifted can be measured as illustrated by the shift in the x 
chromaticity value. This clearly indicates that the beam 
color is shifted towards the blue region of the SAE J578 
"white light". The bluest beam measured was obtained by 
combining in the headlamp the HIR2 bulb with the lens 
molded from material E. However, it must be noted that 
the beam color resulting from the combination of HIR2 
bulb and lens C ends up very close to the edge of the ECE 
Regulation 99 HID specification, which suggests that it 
could meet the exact HID color space if design features 
were added to the lens. As a reference, the chromaticity of 
a commercial HID bulb (Philips D2S bulb) has been plotted 
on the CIE1931 diagram (x = 0.38 +/- 0.025 and y = 
0.39 +/- 0.015). From Table 4, we can conclude that the 
following combinations are preferred for the lens/ 
headlamp design used for the experiment: 
[0069] .The headlamp equipped with a HIR2 source and a lens 

molded from material D will have a total illuminating light 
output of about 507 lumens (integrated lumens) and a 
chromaticity value x of about 0.3966 and y of about 
0.3962. 

[0070] . The headlamp equipped with a HIR2 source and a lens 



molded from material Ewill have a total illuminating light 
output of about 453 lumens (integrated lumens) and a 
chromaticity value x of about 0.385 land y of about 
0.3925. 

[0071] | t j S noteworthy that the combinations referred above fall 
within the ECE Regulation 99 HID specifications and also 
within the published specifications for one of the most 
standard HID bulb (Philips D2S). In addition, the headlamp 
equipped with lens material E will have a chromaticity ex- 
tremely close to the example of HID bulb thus confirming 
the good color match. Furthermore, the light output of a 
headlamp with this lens is predicted to be about 10% 
higher than a standard HB4 (ANSI 9006) equipped with a 
clear lens (A). This result demonstrates that using this in- 
vention, it is possible to produce headlamps capable of 
emitting a light beam that matches the chromaticity of an 
HID headlamp while providing improved light output 
compared to a standard halogen system such as the com- 
bination HB4 / clear lens. It must be noted also that blue 
halogen bulbs (such as the Silverstar bulb) emit only 
about 1000 lumens when powered at 12.8 Volts according 
to their specification, which is similar to the HB4. As a re- 
sult, such bulbs are not expected to yield better total illu- 



minating light output (integrated lumens) than the combi- 
nation HB4 / clear lens and should therefore under per- 
form the headlamps of this invention. 

[OO 72 ] EXAMPLE 3: Polycarbonate formulation (F) (Note: This is 
the same as formulation (D) in the results section of US 
Patent Application serial no. 10/063,791 filed May 13, 
2002) described below has been defined to illustrate the 
ability to create a broad palette of visual effect color for 
outer lenses. A twin-screw extruder has been used for the 
compounding step with standard Lexan® LS-2 polycar- 
bonate extrusion conditions. Color chips (5.08 cm x 7.62 
cm x 3.2 mm) were molded for each formulation and color 
coordinates were measured on the chips in transmission 
mode using a MacBeth 7000A spectrophotometer select- 
ing illuminant C and a 2 degree observer. 

[0073] a polycarbonate resin composition (F) was prepared by 

mixing: -65 parts of poly(bisphenol-A carbonate) with an 
average molecular weight (M w ) of 29,900 -35 parts of 
poly(bisphenol-A carbonate) with an average molecular 
weight (MJ of 21,900 -0.06 parts of 
tris(2,4-di-tert-butylphenyl) phosphite -0.27 parts of 
pentaerythritol tetrastearate -0.27 parts of 
2-(2H-benzotriazol-2-yl)-4-(l,l,3,3-tetramethylbutyl)ph 



enol -0.05 parts of 

2,5-bis(5 , -tert-butyl-2-benzoxazolyl)thiophene (Ciba 
Uvitex OB) -0.0001 parts of C.I. Pigment Blue 60 (BASF 
Heliogen Blue K6330) -0.00005 parts of C.I. Solvent Violet 
36 (Bayer Macrolex Violet 3R). 
[0074] | t should be noted that lens (F) has more design features 
(i.e. protrusions, grooves and cuts) compared to the 
lenses molded in Example 2. When equipped with a HB4 
(ANSI 9006) light source, it was apparent that the head- 
lamp beam color was shifted towards a whiter/bluer beam 
color. In addition, a colored visual effect was observed 
from the accent features of the lens (protrusions, grooves 
and cuts). 

[0075] Automotive outer lenses were molded from polycarbonate 
formulations (F). When the lenses were incorporated in 
automotive headlamps, it was apparent that the headlamp 
beam color was white while a strongly colored visual ef- 
fect was observed that shines from design features of the 
lens (protrusions, lines and edges). 

[0076] a lens molded from formulation (F) was combined with a 
halogen bulb to test SAE conformity in a headlamp con- 
figuration. Natural color Lexan® LS-2 resin was used as a 
reference in order to evaluate the lighting performance 



according to SAE J1383. The results of the isocandela 
testing (total flux), maximum candela (point intensity) and 
beam chromaticity (x,y) are summarized in Table 5. It is 
noteworthy that both the maximum candela and the iso- 
candela confirm that the visual effect lenses combined to 
the halogen bulb give a comparable light output in terms 
of intensity which is within +1-5% of the reference 
(natural color). Moreover, headlamp with the blue lens 
made from formulation (F) displays a much bluer (i.e. 
whiter) beam compared to the reference as the CIE 1931 x 
chromaticity value is shifted from 0.4424 to 0.4040. This 
result is also confirmed by the visual evaluation of the 
beam color. 



Lens 


Max. 


Total Flux 


X 


y 


SAE conformity 


"Natural" LS-2 


37979 


754 


0.442 


0.407 


Pass 


Formulation (F) 


37410 


746 


0.404 


0.403 


Pass 


Tab 


e5 



[0077] This result compared to example 2 shows the effect of the 
design features in a lens. In addition, it shows that it is 
possible to create headlamps that meet the SAE standards 
and have a beam chromaticity value x of less than 0.405 
even when a very low amount of non-fluorescent dye 



loading of about 0.00015% is used in combination with an 
organic photoluminescent dye. 
[0078] | n case 0 f |jght sources with an average x chromaticity of 
greater than 0.405, which is the case of most halogen 
bulbs, HIR bulbs, some solid state sources and very few 
HID lamps, typically, lens compositions (D) and (E) of ex- 
ample 2 will be the preferred compositions. This is be- 
cause they provide the most significant color shift even 
with a lens that has limited or no design features, such as 
grooves or protrusions to further shift the beam. When 
the lens has design features such as grooves and protru- 
sions as illustrated in figures 3 and 4, less non- 
fluorescent dye loading is required (even 0.00015% cou- 
pled to a fluorescent dye loading of 0.05% produces the 
desired results). Further, even a small dye loading as 
mentioned in lens composition F of example 3 would be 
acceptable with appropriate design features such as pro- 
trusion or grooves. Thus, a ratio of fluorescent dyes/ 
non-fluorescent dyes of about 330 (composition F, exam- 
ple 3) can produce the desired chromaticity. However, the 
preferred dye compositions in connection with limited or 
no design features in the lens correspond to ratios of 
about 19 (composition D, example 2) and 13 (composition 



E, example 2). In any case, the preferred fluorescent dye 
loading is from 0.005% to 0.5%, with 0.01% to 0.25% being 
more preferred. 

[0079] | n the case of light sources with an average x chromaticity 
of less then 0.405, namely white solid state light sources 
and good HID sources, formulations (B) and (C) are pre- 
ferred over (D) and (E) of example 2. This is because for- 
mulations (B) and (C) reduce the risk of shifting the beam 
outside the SAE "white box"as defined above. The pre- 
ferred non-fluorescent to fluorescent dye ratio will be > 
20. Preferred fluorescent dye loading will be less than or 
equal to 0.1% 



